Introduction
Fall risk is a very important medical topic since falls of the elderly are amongst the most frequent causes for morbidity, mortality, extensive therapeutic costs and long lasting use of health care services. Some typical risk factors are unsteady gait, visual disorders, weakness, confusion, medications, and vestibular dysfunction [1] . The latter is identifiable utilizing static posturography and subjective visual inspection of recorded stabilograms. Falls are complex in nature and an objective evaluation of degradations in balance control is challenging [2] . A recent methodological review proposes a bunch of different gait and balance assessment as well as validity measures and signal processing methods, a mongst them methods based on dynamical systems theory [3] . Authors requested three requirements for gait stability and their relationship to the probability of falling:
 ability to overcome small perturbations,  ability to overcome larger perturbations,  ability to overcome largest perturbation. The first point is quantified by posturography. It is an open question how to address the latter two points under economic limitations of medical daily routine [4] . For now, it would be helpful to evaluate the potential of the first ability for gait stability evaluation. Our aim is to assess balance control objectively by means of posturography and utilizing linear as well as nonlinear discriminant analysis to predict whether patients do have an increased fall risk or not. In an incipient stage, we ask if a posturography feature set of an individual belongs into either one of two classes, low or high fall risk.
Methods
Experiments: 28 patients (8 men, 20 women; age 58.0 ± 15.6 years, range: 29 -84) enrolled in the study. The overall health level as well as the balance control fitness ranged from healthy with no remarkable degradations up to severe disorders, e.g. Meniere's disease. One recording session consists of 2 posturography trials lasting for 40 s. Subjects were instructed to maintain motionless in upright stance with supinated arms outstretched horizontally and feet together. Within the first trial subjects had to fixate a target (EO, eyes opened), within the second trial visual feedback was prevented (EC, eyes closed). Both trials were separated by a relaxing break (2 min). The study was conducted in conformity with the declaration of Helsinki and approved by the ethic committee of University Medicine Mannheim. Pre-processing: The centre of foot pressure was computed and its bivariate time series, the stabilogram, was inspected visually. Artefacts (1 record) were rejected. All data were low-pass filtered (cut-off frequency 25 Hz, Butterworth filter). Segment lengths of 4.8, 9.6, 13 and 38 seconds (no overlap) have been evaluated. From each recording the first 0.5 seconds and the remaining seconds after the last complete segment were discarded. Fall risk: Each subject's individual fall risk was evaluated subjectively by one senior medical specialist on a scale ranging from 1 to 10. Evaluation was supported by answers of all subjects to a questionnaire, recently introduced [4] . Risk evaluations of ≥ 5 were defined as significantly high and were found in 8 of the remaining 27 subjects. Feature extraction: Two different sets of posturography features were extracted [6] . The first consists of 31 timedomain (TD) features, amongst others sway density [7] and stabilogram diffusion plot [8] features. The second set consists of spectral-domain (SD) features estimated by Welch's overlapped segment averaging and subsequent summation within spectral bands. Spectral band parameters (f LOW , f HIGH , f WIDTH ) were optimized empirically by searching for maximum classification accuracies of test set data. Feature fusion & reduction: It was evaluated whether the features of EO, EC trials or a combination of both were best for the detection of an increased fall risk. In addition, it was evaluated if feature reduction by means of principal component analysis might improve classification accuracy. Discriminant analysis: The two classes (risk < 5, risk ≥ 5) were analyzed by the following methods [9] :  Fisher's Linear Discriminant Analysis (LDA),  Quadratic Discriminant Analysis (QDA),  Learning Vector Quantization (LVQ).
Cross validation:
Mean and variance of classification accuracy (ACC) was evaluated by repeated random subsampling (50 repetitions, balanced data, training test ratio: 4:1).
Results
LVQ outperformed LDA and QDA (table 1) . QDA performed similar to LDA. Feature reduction by PCA always increased accuracy. Best results were obtained from TD as well as SD features, both with PCA feature reduction and large segment lengths L. SD without PCA and very short L was successful in lowest standard deviations, but at cost of classification accuracy (Tab. 1). For all evaluated feature sets the optimization of the major LVQ parameter, the number of neurons, yields a high adaptivity of up to 98 % (Fig. 1 ). 
Discussion
The contrast between adaptivity and generalization performance indicates a complex distribution within feature space. Other methods of discriminant analysis like support vector machines might perform better. Considerable methodological effort is necessary to get significant results from computerized posturography. For a relatively small data set of this pilot study large standard deviations of classification accuracies were obtained. This is not acceptable for clinical diagnosis. More data from each subject, e.g. by longer assessment durations or more frequent assessments, may decrease variance but would be in conflict with constraints of medical daily routine. Therefore, additional assessments of physical performance should be taken into consideration. Posturography with standing on elastic foam provides perturbations to the proprioceptive system and should increase sensitivity to fall risk [10] . An alternative might be using provocations to the balance control system, e.g. by requesting repeated stand-up and sit-down immediately prior to posturography assessments. Also additional sensors might be helpful in order to assess postural sway more comprehensively, perhaps by utilizing a body sensor network consisting of nodes with 3-axis accelerometer as well as with 3-axisgyroscopes located above joints. Nevertheless, since falls usually occur while in motion gait analysis might be the best way to assess fall risk quantitatively [3] .
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